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METHOD AND APPARATUS FOR
MANUFACTURING LEAD WIRE FOR
SOLAR CELL

TECHNICAL FIELD

The present invention relates to a method of manufactur-
ing a lead wire for a solar cell and an apparatus used for the
manufacturing.

BACKGROUND ART

A solar cell module has a plurality of silicon cells inter-
connected via lead wires. The lead wires are also called as
interconnectors, and are formed by solder-plating a flat
rectangular wire.

The 1nterconnectors are connected to the silicon cells via
the solder plate. However, the interconnectors and the sili-
con cells differ in thermal expansion coethicient. Therefore,
bending stress may be generated in the silicon cell that has
a smaller thermal expansion coeflicient, due to the influence
of heat at the time of soldering. Because of the diflerences
in rigidity and surface area between the interconnector and
the solar cell, the interconnector deforms earlier than the
solar cell by the heat treatment at the time of soldering. The
strain of the interconnector causes warping or breakage of
the silicon cell. To address this problem, there 1s a need for
reducing 0.2% proof stress of the interconnector. The 0.2%
prool stress 1s an index of mechanical properties. The
smaller the 0.2% proof stress of the interconnector, the more
the warping of the silicon cell can be reduced.

Interconnectors are manufactured by flattening a conduc-
tor material using a die or a roller, slitting the flattened
conductor material to form a thin wire having a rectangular
sectional shape, heating the conductor wire, and solder
plating the conductor wire.

The heat treatment after the slitting process 1s an anneal-
ing process, and removes the internal strain of the conductor
wire that has undergone the flattening process and the
slitting process, and softens the structure.

To reduce the 0.2% proof stress of a conductor wire
having a flat rectangular sectional shape, an indirect heating
1s being proposed as a heat treatment method (see, e.g.,
JP2009-016593A, JP2009-027096A, JP2009-280898A and
JP2010-141050A).

As for the solder-plating, a bath containing solder 1n a
heated and molten state, a die disposed near the surface level
of the bath, and a turn roll disposed 1nside the bath to rotate

about a horizontal axis may be used (see. e.g., JP2010-
095750A and JP2011-058051A).

SUMMARY OF INVENTION

As described above, an indirect heating type of heat
treatment 1s being used to reduce the 0.2% proof stress of a
conductor wire having a flat rectangular sectional shape.
This 1s because the indirect heating has been considered to
be advantageous as compared with a direct resistance heat-
ing, as the indirect heating can apply suflicient thermal
energy to the conductor as compared with the direct resis-
tance heating (see, e.g., JP2010-1410350A). The direct resis-
tance heating 1s a heating method mm which an electric
current 1s applied directly through a conductor to heat the
conductor.

To apply suflicient thermal energy to a conductor serving,
as a base material of an interconnector, a suflicient amount
of time 1s required for the heating. However, the heating time

10

15

20

25

30

35

40

45

50

55

60

65

2

may be shortened be increasing the heating temperature. For
example, JP2010-1410350A discloses the heating time of 5 to

60 seconds. However, the disclosure of JP2010-141050A
implies that the 0.2% proof stress reducing effect 1s not
satisfactory when the heating time 1s short, and that the
heating time 1s preferably 30 seconds or more even when the
heating temperature 1s high.

From the viewpoint of process management, 1t 1s desir-
able to shorten a process time, and the same is true for the
heat treatment for reducing the 0.2% proof stress of a
conductor.

In the solder plating process, it 1s desirable that all the
surfaces ol the flat wire matenal be plated uniformly.
Accordingly, the wire material 1s generally preheated before
being dipped m a plating solution. However, providing a
heating apparatus in the manufacturing line just for the
preheating of the wire material 1s disadvantageous from the
viewpoint of installation cost and runmng cost.

Accordingly, it 1s an object of the mvention to provide a
method and an apparatus for manufacturing a lead wire for
a solar cell, by which a 0.2% proof stress reducing process
can be performed 1n a short time and the 0.2% proof stress
reducing process also serves as a preheating process for
plating.

According to an aspect of the mvention, a method of
manufacturing a lead wire for a solar cell includes heating a
wire material by a direct resistance heating or by an induc-
tion heating to reduce a 0.2% proof stress of the wire
material while conveying the wire material, and plating the
wire material that 1s 1n a heated condition obtained by the
direct resistance heating or by the induction heating while
further conveying the wire material.

A heating temperature during the heating may be higher
than a plating temperature during the plating.

The heating to reduce the 0.2% proof stress may be
completed within 5 seconds after starting the heating of the
wire material.

According to another aspect of the invention, an apparatus
for manufacturing a lead wire for a solar cell includes a
plating bath configured to contain a molten plating solution,
a conveyor mechanism configured to convey a wire material
along a conveying path, the conveyor mechanism compris-
ing a turning conveyor roll disposed inside the plating bath,
a feeding conveyor roll disposed upstream of the plating
bath, and a pulling-up conveyor roll disposed downstream of
the plating bath, a heater configured to heat, by a direct
resistance heating or by an induction heating, a portion of
the wire material that 1s being conveyed by the conveyor
mechanism between the feeding conveyor roll and the
turning conveyor roll, and a controller configured to control
the conveyor mechanism and the heater. The controller
controls a conveying speed of the wire material by the
conveyor mechanism and an amount of power supply to the
heater such that the wire material 1s heated to reduce a 0.2%
prool stress of the wire material while conveying the wire
material and such that the wire material, that 1s 1n a heated
condition obtained by the direct resistance heating or by the
induction heating, 1s dipped and plated 1n the plating solu-
tion while further conveying the wire material.

The feeding conveyor roll may be configured as a power
supply roll, and the heater may include an electrode member
disposed 1n the plating solution, and a power supply wiring
having a first end coupled to the feeding conveyor roll and
a second end coupled to the electrode member to supply
power to the wire material that 1s being conveyed.

The heater may include a hollow ring transformer dis-
posed between the feeding conveyor roll and the turming
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conveyor roll, an electrode member disposed 1n the plating
solution, a power supply wiring coupled to the ring trans-
former to supply power to a primary side of the ring
transformer, and a conductive member coupling the feeding
conveyor roll configured as a power supply roll and the
clectrode member to supply power to the wire maternial such
that the wire material inside the hollow ring transformer
serves as a secondary side of the ring transformer.

According to one or more aspects of the invention, a wire
material 1s heated by a direct resistance heating or by an
induction heating to reduce the 0.2% proof stress of the wire
material while conveying the wire material, and the wire
material 1s plated by further conveying the wire material
inside a plating solution while maintaining the heated con-
dition. Therefore, a preheating process just for the plating 1s
rendered unnecessary and the 0.2% proof stress 1s reduced,
whereby production efliciency 1s improved.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram 1llustrating an apparatus for manu-
facturing a lead wire for a solar cell according to a first
embodiment of the invention;

FIG. 2 1s a diagram 1llustrating an apparatus for manu-
facturing a lead wire for a solar cell according to a second
embodiment of the invention;

FIG. 3 1s a diagram 1llustrating an apparatus for manu-
facturing a lead wire for a solar cell according to a third
embodiment of the invention;

FIG. 4 1s a diagram 1llustrating an apparatus for manu-
facturing a lead wire for a solar cell according to a fourth
embodiment of the invention; and

FIG. 5 1s a diagram 1llustrating an apparatus for manu-
facturing a lead wire for a solar cell according to a fifth
embodiment of the invention.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of the invention will be
described 1n detail with reference to the drawings. First to
fourth embodiments 1llustrate examples of a direct resistance
heating (also called as a direct electric conduction heating),
and a fifth embodiment 1llustrates an example of an 1nduc-
tion heating.

First Embodiment

FIG. 1 1s a diagram 1illustrating an apparatus 1 for manu-
facturing a lead wire for a solar cell according to a first
embodiment of the mmvention. The apparatus 1 includes a
conveyor mechanism 10, a heater 20, a plating section 30,
and a controller 40.

The conveyor mechanism 10 includes a plurality of
conveyor rolls arranged respective positions along a con-
veying path ol a wire material W. As shown in FIG. 1, a
turning conveyor roll 11 1s disposed 1n a plating bath 32, a
teeding conveyor roll 12 1s disposed upstream of the plating
bath 32, and a pulling-up conveyor roll 13 1s disposed
downstream of the plating bath 32. Further, an introducing
conveyor roll 14 1s disposed upstream of the feeding con-
veyor roll 12 and a discharging conveyor roll 135 1s disposed
downstream of the pulling-up conveyor roll 13. The con-
veyor mechanism 10 1s configured to convey a wire material
W made of, for example, a copper material, along the
conveying path.

The heater 20 1s configured to supply power to a portion
of the wire material W that 1s being conveyed by the
conveyor mechanism 10 between the feeding conveyor roll
12 and the turning conveyor roll 11 to heat only the portion
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of the wire material W that 1s being conveyed. Joule heat 1s
generated 1n the wire material W by the electric current,
whereby the 0.2% proof stress of the wire material 1s
reduced.

The plating section 30 includes a plating bath 32 contain-
ing a plating solution 31 1n a molten condition. The turning
conveyor roll 11 1s disposed inside the plating bath 32 such
that the turning conveyor roll 11 1s arranged inside the
plating solution 31. A heater for heating and melting the
plating solution 31 and 1ts associated means are omitted
from the drawings. The portion of the wire material W that
has been subjected to the 0.2% proof stress reducing process
by the power supply from the heater 20 1s further conveyed
in the heated condition by the conveyor mechanism 10 so as
to be dipped into the plating solution 31 for a plating
process.

The controller 40 controls the conveying speed of the wire
material W by the conveyor mechamism 10 and the amount
of power supply output from the heater 20 to a section of the
wire material W. The 0.2% proof stress reducing process and
the preheating process are simultaneously performed on the
wire material W by the controller 40. Accordingly, 1t 1s
possible improve production efliciency without increasing
the size of the apparatus 1 and without separately perform-
ing a preheating process betfore the plating process.

The configuration of the apparatus 1 shown 1n FIG. 1 will
be described 1n more detail below.

The introducing conveyor roll 14 and the feeding con-
veyor roll 12 are arranged in this order i the conveying
direction at the same height above the plating bath 32. The
turning conveyor roll 11 1s disposed inside the plating bath
32 so that the wire material W 1s conveyed through the
plating solution 31. The pulling-up conveyor roll 13 1s
disposed above the plating bath 32 to vertically pull up the
wire material W. The discharging conveyor roll 15 1s dis-
posed at the same height as the pulling-up conveyor roll 13
to discharge the wire material W from the apparatus 1. The
conveyor rolls 11, 12, 13, 14, 15 are arranged to rotate about
their respective horizontal axis. Only the turning conveyor
roll 11 rotates in the opposite direction from the rotation
direction of the other conveyor rolls 12, 13, 14, 15. The
conveyor mechanism 10 provides the conveying path
including a horizontal introducing path, an inclined path, a
pulling-up path, and a horizontal discharging path. A hollow
housing 51 1s disposed along the inclined path between the
teeding conveyor roll 12 and the plating solution 31, and the
wire material W 1s conveyed through the housing 51. Rare
gas such as Ar gas or other mert gas i1s mtroduced into the
housing 51 to prevent the surface oxidation of the wire
material W heated by a direct resistance heating. In addition
to the imert gas, reducing gas such as H, gas may be
introduced into the housing 51 to reduce the oxidized
surface of the wire material W heated by the direct resistance
heating.

In the first embodiment, the feeding conveyor roll 12 1s
configured as a power supply roll. That 1s, when feeding the
wire material W, the feeding conveyor roll 12 1s 1n contact
with the wire material W, and the shait of the feeding
conveyor roll 12 1s 1n contact with a sliding element 24.
Accordingly, alternate current tlows from the contact point
between the wire material W and the feeding conveyor roll
12 to the sliding element 24 via the feeding conveyor roll 12.

The heater 20 includes an output controller 22 coupled to
a power source 21 to control the output, the sliding element
24 coupled to the output controller 22 via a power supply
wiring 23 A and electrically coupled to the feeding conveyor
roll 12, and an electrode member 25 coupled to the output
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controller 22 via a power supply wiring 23B and disposed
inside the plating bath 32. According to the illustrated
example, a portion of the electrode member 235 1s disposed
inside the plating solution 31 1n the plating bath 32. How-
ever, the entire electrode member 25 may be disposed nside
the plating solution 31. The power source 21 may be a
commercial power source or a high-frequency power source.
The output controller 22 includes, for example, a trans-
former having a primary side coupled to the power source 21
and a secondary side coupled to the power supply wirings
23A, 23B.

According to the heater 20 having the configuration
described above, the feeding conveyor roll 12 and the
plating solution 31 serve as electrodes for a section of the
wire material W (hereinatter, “heating section”) that 1s being
conveyed between the feeding conveyor roll 12 and the
plating solution 31, whereby current flows 1n the heating
section and generates Joule heat in the heating section.

Each part of the wire material W along its longitudinal
direction 1s heated due to the Joule heat generated by the
clectric current for a period of time during which the part
passes through the heating section. Accordingly, the heating,
time 1s controlled by the distance along a path from the
teeding conveyor roll 12 to the plating solution 31 and the
conveying speed of the wire material W. In this embodiment,
the controller 40 controls the conveying speed of the wire
material W based on the distance between the feeding
conveyor roll 12 and the plating solution 31 such that the
time required for each part of the wire material W to pass
through the heating section 1s 5 seconds or less.

The Joule heat generated per unit length and per unit time
in the heating section of the wire material W 1s determined
by the size and the specific heat of the wire material W in the
heating section, and the amount of electric current flowing,
between the feeding conveyor roll 12 and the plating solu-
tion 31. Because the size 1s determined by the length
between the feeding conveyor roll 12 and the plating solu-
tion 31 and the sectional size of the wire material W, the size
can be set optionally. The amount of electric current is
determined by the voltage generated between the sliding
clement 24 and the plating solution 31. Thus, the amount of
clectric current can be controlled by controlling one or both
of the output current and the output voltage of the output
controller 22.

Accordingly, the controller 40 controls the rotation speed
ol at least one or more of the conveyor rolls 11 to 15 that 1s
closer to the discharging side and controls one or both of the
output current and the output voltage of the output controller
22. Through this control, for example, the heating time of the
wire material W can be set to 0.5 seconds or less and the
temperature of the wire material W when the wire matenal
W reaches the plating solution 31 can be set to be 1n the
range of 650° C. to 1020° C.

Next, a method of manufacturing a lead wire for a solar
cell using the apparatus 1 shown i FIG. 1 will be described.
A lead wire for a solar cell 1s formed by providing a solder
plating layer on the surfaces of a wire material W. The wire
material W 1s formed of, for example, a copper material, e.g.,
a high-purity copper with a purity of 99.9999% or more, an
oxygen-iree copper, a phosphorus deoxidized copper, or a
tough pitch copper. The wire material W 1s formed by
forming the material 1n a flat rectangular wire using a die, a
roller or other means, and then by forming the flat rectan-
gular wire to be 1n a desired width by slitting.

The wire material W 1s conveyed by the conveyor mecha-
nism 10, and for each part of the wire material W, an electric
current 1s applied for a short period of time after being fed
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6

by the feeding conveyor roll 12 until it enters the plating
solution 31, during which Joule heat 1s generated to heat the
wire material W. By the time when the wire material W
contacts the plating solution 31, the wire maternial W 1s
heated such that the temperature of the wire material W 1s in
the range of 6350° C. to 1020° C. Through this heating
process, the 0.2% proof stress of the wire material W 1s
reduced and, at the same time, the preheating for the plating
process 1s performed. When the heating temperature 1s
higher than about 1020° C., the wire material W 1s melted.
The melting point of copper 1s about 1080° C. When the
heating temperature 1s 650° C., the 0.2% proof stress of a
lead wire for a solar cell obtained after the plating process
1s lowered to 100 MPa or less. It 1s suflicient that the time
during which the electric current 1s applied to each part of
the wire material W be 5 seconds or less. If the electric
current 1s applied for a longer period of time, not only that
it becomes diflicult to treat the wire material, but also 1t
becomes likely to cause size distortion.

In this manner, the wire material W 1s heated by a direct
resistance heating or by an induction heating under with the
heating temperature in the range of 650° C. to 1020° C. and
the heating time 1n a range of 5 seconds or shorter, more
particularly, 1n a range of 0.3 seconds to 5 seconds. When the
conditions exceed these ranges, the 0.2% proof stress of the
lead wire for a solar cell becomes greater than 100 MPa,
which 1s practically not desirable. When the heating tem-
perature and the heating time of the annealing by the heating
exceed these ranges, the elongation rate, an indicator of
toughness, 1s lowered to 25% or less, which 1s not desirable.

In this way, the wire material W 1s heated by a direct
resistance heating 1n the heating section between the feeding
conveyor roll 12 and the plating solution 31 while being
conveyed by the conveyor mechanism 10, whereby the 0.2%
proof stress 1s reduced. The wire material W 1n this heated
condition 1s dipped 1n the plating solution 31 in a preheated
manner, and then 1s substantially vertically pulled up by the
pulling-up conveyor roll 11. Accordingly, the surfaces of the
wire material W, specifically, the top and bottom surfaces
and the left and right side surfaces thereot, are plated.

Because the wire material W 1s substantially vertically
pulled up by the pulling-up conveyor roll 13, a plating layer
having a symmetric thickness about the axis of the wire
material W 1s formed due to the gravitational force. The
plating bath 32 1s heated to melt the solder material, and the
temperature of the plating solution 31 1s lower than the
heating temperature by the heater 20. Examples of the
plating maternial include materials such as Pb-contaiming
materials, Pb-free materials, and Su. The plating time 1s
preferably 3 seconds or less from the viewpoint of the
apparatus cost, the running cost, and the component main-
tenance of the plating bath.

According to this manufacturing method, the wire mate-
rial W 1s subjected to the 0.2% proof stress reducing process
by the direct resistance heating and 1s then subjected to the
plating process in the heated condition. Accordingly, the
process only for the preheating 1s not necessary, thereby
improving the production efliciency.

In the apparatus configuration shown in FIG. 1, when the
power source 21 1s a commercial power source or a high-
frequency power source, a choke coil 52 may be disposed
between the introducing conveyor roll 14 and the feeding
conveyor roll 12 so as to prevent an alternate current from
flowing in the introducing conveyor roll 14. When an
clectric current path i1s provided at a portion of the wire
material W between the feeding conveyor roll 12 connected
to the power supply wiring 23 A and the plating solution 31,
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the power source 21 may a direct current power source, and
the output current or the output voltage of the output
controller 22 may be adjusted by using a variable trans-
former.

A film thickness meter 53 may be disposed between the
pulling-up conveyor roll 13 and the discharging conveyor
roll 15 to monitor the thickness of the plating layer of the
wire material W, so that the monitored value may be fed
back to the controller 40 to control the conveying speed of
the wire material W.

Second Embodiment

FIG. 2 1s a diagram 1illustrating an apparatus 2 for manu-
facturing a lead wire for a solar cell according to a second
embodiment of the invention. In FIG. 2, components 1den-
tical to or corresponding to those in the first embodiment
will be referenced by the same reference numerals or signs.

In the second embodiment, unlike the first embodiment, a
conveyor roll 16 serving as an electrode 1s disposed between
the feeding conveyor roll 12 and the turning conveyor roll 11
and near the plating bath 32, a sliding element 26 1s brought
into contact with the conveyor roll 16, and power supply
wirings 23 A, 23C from the output controller 22 are coupled
to the sliding element 26 and the sliding element 24 con-
tacting the feeding conveyor roll 12. Because the sliding
clement 26 1s in sliding contact with the shait of the
conveyor roll 16 like the feeding conveyor roll 12, the
portion of the wire material W contacting the conveyor roll
16 can be electrically coupled to the sliding element 26 via
the conveyor roll 16.

In the second embodiment, the feeding conveyor roll 12
and the conveyor roll 16 serve as electrodes. Accordingly,
the controller 40 can perform the 0.2% proof stress reducing
process on the wire material W by controlling the conveying,
speed of the wire material W and one or both of the alternate
current flowing between the electrodes and the voltage in the
heating section.

Third Embodiment

FIG. 3 1s a diagram 1llustrating an apparatus for manu-
facturing a lead wire for a solar cell according to a third
embodiment of the invention. In FIG. 3, components 1den-
tical to or corresponding to those in the first embodiment
will be referenced by the same reference numerals or signs.

In the third embodiment shown 1in FIG. 3, unlike the first
embodiment, a core 27A of a ring transformer 27 1s disposed
between the feeding conveyor roll 12 and the turming
conveyor roll 11, and a housing 51 1s provided inside the
hollow ring transformer 27. A wire material W 1s conveyed
inside and through the housing 51. Like the embodiments
shown i FIGS. 1 and 2, by mftroducing inert gas and
reducing gas into the housing 51, it 1s possible to prevent or
suppress the oxidation of the heated part of the wire material
W.

The sliding element 24 1s brought into contact with the
teeding conveyor roll 12 disposed upstream of the ring
transformer 27, the distal end portion of the electrode
member 25 or the entire electrode member 25 1s disposed in
the plating solution 31, and the sliding element 24 and the
clectrode member 25 are coupled via a conductive member
29. Power supply wirings 23D, 23E from the output con-
troller 22 are coupled to a primary winding 27B of the ring
transformer 27.

According to the configuration shown 1 FIG. 3, the
section of the wire material W inserted through the hollow
ring transformer 27 serves as the secondary winding, 1.¢., the
secondary side, of the ring transformer 2, whereby an
clectromotive force 1s generated at both ends of the section
of the wire material W by the alternating current output from
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the output controller 22. Therefore, a single circuit 1s formed
by the wire material W and the conductive member 29 via
both ends of the section the wire material W, the sliding
element 24 and the electrode member 25, electric current
flows through the section of the wire material W, and this
section serves as the heating section like the first embodi-
ment. This type of direct resistance heating using a ring
transformer 1s also called as an inductive coupled conduc-
tion heating.

In the third embodiment, the 0.2% proof stress reducing,
process can be performed on the wire material W by
adjusting the length of the ring transformer 27 and the
number of windings of the primary winding 27B and the
like, and by controlling the magnitude of the output current
from the output controller 22 and the rotation speed of the
conveyor rolls by the controller 40.

In the third embodiment, because the ring transformer 27
generates merely a slight voltage between the feeding con-
veyor roll 12 and the plating solution 31, the choke coil 52
shown 1n FIG. 1 1s not necessary. Accordingly, the apparatus
cost 1s suppressed. An alternate current power source of a
commercial frequency to 400 Hz can be used as the power
source 20. By increasing the frequency of the power source
20, 1t 15 possible to reduce the size of the ring transformer 27.

Fourth Embodiment

FIG. 4 1s a diagram 1llustrating an apparatus for manu-
facturing a lead wire for a solar cell according to a fourth
embodiment of the invention. In FIG. 4, components 1den-
tical to or corresponding to those 1n the third embodiment
will be referenced by the same reference numerals or signs.

In the fourth embodiment shown in FIG. 4, unlike the
third embodiment, a conveyor roll 16 serving as an electrode
1s disposed between the feeding conveyor roll 12 and the
turning conveyor roll 11 and near the plating bath 32. A core
27A of the ning transformer 27 1s disposed between the
teeding conveyor roll 12 and the conveyor roll 16, and a wire
material W 1s inserted through the hollow ring transformer
277. Sliding elements 24, 26 are brought into contact with the
teeding conveyor roll 12 and the conveyor roll 16 on both
sides of the nng transformer 27, and these shiding elements
24, 26 are coupled to each other via a conductive member
29. Power supply wirings 23D, 23E from the output con-
troller 22 are coupled to the primary winding 27B of the ring
transformer 27. Because the sliding element 26 1s 1n shiding
contact with the shait of the conveyor roll 16, the portion of
the wire material W contacting the conveyor roll 16 1s
clectrically coupled to the sliding element 26 via the con-
veyor roll 16.

In FIG. 4, the housing 51 1s 1nserted through the hollow
core 27A of the ring transformer 27, and the wire material
W 1s mserted through the housing 51. Accordingly, like the
example shown in FIG. 3, by introducing inert gas and
reducing gas into the housing 51, 1t 1s possible to prevent or
suppress the oxidation of the heated part of the wire material
W.

According to the configuration shown in FIG. 4, the
section of the wire material W inserted through the hollow
ring transformer 27 serves as the secondary winding of the
ring transformer 27, whereby an electromotive force 1s
generated at both ends of the section of the wire material W
by the alternating current output from the output controller
22. Therelore, a single circuit 1s formed by the section of the
wire material W and the conductive member 29 via both
ends of the section of the wire material W and the sliding
elements 24, 26, so that electric current flows 1n the section
of the wire material W, and this section serves as the heating
section like the first embodiment. In the fourth embodiment,
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a commercial power source or a high-frequency power
source can be used as the alternate current power source.

In the fourth embodiment, the 0.2% proof stress reducing
process can be performed on the wire material W by
adjusting the length of the ring transformer 27, the number
of windings of the primary winding 27B and the like and by
controlling the magnitude of the output current from the
output controller 22 and the rotation speed of the conveyor
rolls by the controller 40.

Fifth Embodiment

FIG. 5 1s a diagram 1llustrating an apparatus for manu-
facturing a lead wire for a solar cell according to a fifth
embodiment of the invention.

In the manufacturing apparatus 5 shown 1n FIG. 5, unlike
the example shown 1n FIG. 1, the shiding element 24 1s not
provided at the feeding conveyor roll 12, the electrode
member 25 1n the plating solution 31 i1s not used, and a
heating coil 61 1s wound on the housing 51. The power
source 21 of the heater 20 1s coupled to the heating coil 61
via the output controller 22 and power supply wirings 23F,
23G. Accordingly, by mputting high-frequency power from
the power source 21, the wire material W 1s heated by
induction heating by the heating coil 61. Therefore, the 0.2%
proof stress reducing process can be performed on the wire
material W by adjusting the length of the heating coil 61 and
the frequency to be used, and by controlling the output
controller 22 to control the current and/or the voltage output
from the high-frequency power source 21 and controlling
the rotation speed of the discharging conveyor roll 15 by the
controller 40.

According to the first to fifth embodiments described
above, the 0.2% proof stress reducing process 1s performed
on the wire materital W that 1s being conveyed by the
conveyor mechanism 10 by heating the wire material W, by
a direct resistance heating or an induction heating, using the
heater 20, and the wire material W 1s dipped and plated in
the plating solution 31 in the preheated condition. That 1s,
the controller 40 performs the 0.2% proot stress reducing
process on the wire material W by controlling the rotation
speed of the conveyor roll, the amount of power supply from
the heater 20, and the like.

In the first to fifth embodiments, the heating process and
the plating process may be performed simultaneously on one
or more wire materials W while conveying the one or more
wire materials W by the conveyor mechanism.

EXAMPLES

Examples of the 0.2% proof stress reducing process on a
wire material W will be described below. The heating
process and the plating process were performed in this order
by using the manufacturing apparatus 1 shown i FIG. 1.
The proot stress and the elongation rate after the annealing
by the heating process were measured without providing the
plating solution 31 1n the plating bath 32 to find the effect of
the annealing by the heating process, and for the purpose of
comparison with the results after the plating process, the
conveyor roll 16 shown 1n FIG. 2 was used and the distance
between the conveyor rolls and the like were adjusted. The
used wire material W was made of an oxygen-iree copper
having a thickness of 0.2 mm and a width of 2 mm 1n the
sectional size thereof. The 0.2% proof stress of the wire
material W before the heating process was 250 MPa or more.
Sn—Ag—Cu-based Pb-free alloy was used as the plating
solution, and the temperature of the plating bath was set to
300° C.
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The heating conditions were set as follows.

Examples 1, 2, and 3

Heating Temperature: 650° C.
Heating Time: 0.5 seconds, 3 seconds and 5
respectively

seconds,

Examples 4, 5, and 6

Heating Temperature: 800° C.
Heating Time: 0.5 seconds, 3 seconds and 5
respectively

seconds,

Examples 7, 8, and 9

Heating Temperature: 900° C.

Heating Time: 0.3 seconds, 3 seconds and 5
respectively

seconds,

Examples 10, 11, and 12

Heating Temperature: 1000° C.

Heating Time: 0.3 seconds, 3 seconds, and 3
respectively

seconds,

Examples 13, 14, and 15

Heating Temperature: 1020° C.
Heating Time: 0.3 seconds, 3 seconds and 5
respectively

seconds,

Comparative Examples 1, 2, and 3

Heating Temperature: 600° C.
Heating Time: 5 seconds, 3 seconds and 0.5
respectively

seconds,

Comparative Example 4

Heating Temperature: 1020° C.

Heating Time: 10 seconds

With respect to the wire material after the heating process
and the wire maternial after the heating process and the
plating process, the 0.2% proof stresses ol were measured
based on JIS-Z-2241 and the elongation values of the
respective wire materials were measured based on JIS-Z-

2201. The results are shown 1n Table 1.

TABLE 1
Proof Stress Rate of Elongation
Heating Heating (MPa) (%)
Temperature  Time  Before — After Before After
(° C.) (sec) Plating Plating  Plating  Plating
Com. 600 5 835 105 38 37
Ex. 1
Com. 600 3 90 110 37 36
Ex. 2
Com. 600 0.5 95 115 35 34
Ex. 3
Ex. 1 650 5 65 85 35 34
Ex. 2 650 3 70 90 38 37
Ex. 3 650 0.5 75 95 37 36
Ex. 4 800 5 55 75 335 34
Ex. 5 800 3 60 80 36 35
Ex. 6 800 0.5 60 80 36 35
Ex. 7 900 5 45 65 33 32
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TABLE 1-continued

Proof Stress Rate of Elongation
Heating Heating (MPa) (%)
Temperature Time  Before — After Before After
(° C.) (sec)  Plating Plating  Plating  Plating
Ex. 8 900 3 50 70 34 33
Ex. 9 900 0.3 55 75 35 34
Ex. 10 1000 5 35 55 30 29
Ex. 11 1000 3 40 60 30 29
Ex. 12 1000 0.3 42 62 32 31
Com 1020 10 25 45 26 25
Ex. 4
Ex. 13 1020 5 25 45 28 27
Ex. 14 1020 3 26 46 30 29
Ex. 15 1020 0.3 30 50 28 27

By performing the heating process, the 0.2% proof stress
of the wire material W was lowered to less than 100 MPa
from the 250 MPa betfore the heating process in all of
Examples 1 to 15 and Comparative Examples 1 to 4, but the
0.2% proof stress was increased due to the plating process.
When the heating temperature was the same, the longer the
heating time, the lower the 0.2% proof stress became. When
the heating time was the same, the higher the heating
temperature, the lower the 0.2% prooft stress became.

Therefore, there 1s a tendency that higher the heating
temperature and longer the heating time, the 0.2% proof
stress becomes lower. The 0.2% proof stress of the lead wire
for a solar cell obtained through the annealing by the heating
process and the plating process was less than 100 MPa,
when the heating temperature was 1n the range of 650° C. to
1020° C. and the heating time was 5 seconds or shorter.
Further, under these conditions, the elongation rate was
greater than 25%.

From Examples 1 to 15, 1t was found that the heating time
that required 30 seconds or more with the conventional
indirect heating process can be greatly shortened by the
annealing with the heating condition of 650° C. to 1020° C.,
and that the 0.2% proof stress reducing process was not

adversely aflected when the heating time was 1n the range of
0.3 seconds to 5 seconds.

However, with the heating process under the conditions of
a high heating temperature and a heating time of more than
5 seconds as 1n Comparative Example 4, the wire material
was deflected and caused deformation. Accordingly, 1t was
diflicult to maintain the quality of a wire material and a lead
wire for a solar cell.

Next, the effect of the preheating process on the plating
process was studied. Using the manufacturing apparatus 1
shown 1n FIG. 1, a first wire material was heated under the
conditions of the heating temperature and the heating time of
Example 15 and then was directly subjected to the plating
process, and a second wire material was heated under the
same conditions but was cooled to the room temperature and
then the cooled wire material was dipped and plated 1n the
plating solution and was pulled out. As a result, the plating
layer was formed uniformly in a beautiful manner on the
surface of the first wire material which was plated directly
alter the heating. In contrast, the plating layer was not
formed uniformly on the second wire material which was
cooled to the room temperature after the annealing by the
heating process and then was dipped and plated in the
plating solution 1n a non-heated condition. It 1s considered
that, by heating the wire material before plating the wire
material in the plating solution, a plating layer can be
uniformly formed in a beautiful manner and the bonding
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strength of the plating layer can be improved. Consequently,
it was found that a preheating process provides advanta-
geous results in the plating process.

From the examples described above, 1t was found that a
desirable lead wire for a solar cell can be manufactured by
annealing a wire material W through the heating process and
by plating the wire material W 1n the heated condition.
Further, according to the embodiments of the invention, it 1s
possible to efliciently reduce the apparatus cost and the
running cost.

While the invention has been described with reference to
certain embodiments thereof, the scope of the mvention 1s
not limited to the embodiments described above, and 1t will
be understood by those skilled 1n the art that various changes
and modifications may be made therein without departing
from the scope of the invention as defined by the appended
claims.

INDUSTRIAL APPLICABILITY

One or more embodiments of the mmvention provide a
method and an apparatus for manufacturing a lead wire for
a solar cell, by which a 0.2% proof stress reducing process
can be performed 1n a short time and the 0.2% proof stress
reducing process also serves as a preheating process for
plating.

This application 1s based on Japanese Patent Application
No. 2011-215138 filed on Sep. 29, 2011, the entire content

of which 1s incorporated herein by reference.

The mvention claimed 1s:

1. An apparatus for manufacturing a lead wire for a solar
cell, the apparatus comprising:

a plating bath configured to contain a molten plating

solution;

a conveyor mechanism configured to convey a wire
material along a conveying path, the conveyor mecha-
nism comprising a turming conveyor roll disposed
inside the plating bath, a feeding conveyor roll dis-
posed upstream of the plating bath, and a pulling-up
conveyor roll disposed downstream of the plating bath;

a heater configured to heat, by a direct resistance heating,
or by an induction heating, a portion of the wire
material that 1s being conveyed by the conveyor mecha-
nism between the feeding conveyor roll and the turning
conveyor roll; and

a controller configured to control the conveyor mecha-
nism and the heater,

wherein the controller controls a conveying speed of the
wire material by the conveyor mechanism and an
amount of power supply to the heater such that the wire
material 1s heated to reduce a 0.2% proof stress of the
wire material while conveying the wire material and
such that the wire material, that 1s 1n a heated condition
obtained by the direct resistance heating or by the
induction heating, 1s dipped and plated 1n the plating
solution while further conveying the wire matenal, and

wherein the plating bath and the heater are arranged such
that the wire material 1s plated directly after being
heated by the heater.

2. The apparatus according to claim 1, wherein the
teeding conveyor roll 1s configured as a power supply roll,
and wherein the heater comprises:

an electrode member disposed in the plating solution; and

a power supply wiring having a first end coupled to the
feeding conveyor roll and a second end coupled to the
clectrode member to supply power to the wire material
that 1s being conveyed.
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3. The apparatus according to claim 1, wherein the heater
COmMprises:

a hollow ring transformer disposed between the feeding

conveyor roll and the turning conveyor roll;

an electrode member disposed 1n the plating solution; 5

a power supply wiring coupled to the nng transformer to

supply power to a primary side of the ring transformer;
and

a conductive member coupling the feeding conveyor roll

configured as a power supply roll and the electrode 10
member to supply power to the wire material such that
the wire material inside the hollow ring transformer
serves as a secondary side of the ring transformer.

4. The apparatus according to claim 1, wherein the
controller 1s configured to control the conveying speed of the 15
wire material by the conveyor mechanism and the amount of
power supply to the heater such that the wire matenal 1s
heated to be 1n a range of 650° C. to 1020° C. when the wire
material reaches the plating solution.
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